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Abstract 
In the last years, space based cosmic ray experiments are delivering very valuable and precise measurements for 
the understanding of the cosmic ray acceleration and propagation processes. This paper reviews the last 
measurements on electron and positron cosmic rays highlighting the latest accurate data provided by the AMS 
experiment 
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1. Introduction 
Cosmic rays are a sample of solar, galactic and 
extragalactic matter which includes all stable charged 
particles, nuclei and their isotopes. The main nuclear 
components are protons (87%), Helium (12%) and 
heavier nuclei (׽ 1%). A small fraction of electrons 
(1%) and antimatter (positrons and antiprotons) is also 
observed. The measurement of all particle cosmic ray 
flux scales for more than 31 orders of magnitude in an 
energy range from few eV to 1011 GeV/n. The 
observed flux (see [1] and [2] and references included 
there) is well described by a falling power law with a 
spectral index γ ׽ 2.7 up to 106 GeV/n that steepens to 
γ ׽ 3 at higher energies. 
The composition and energy spectra of nuclei are 
typically interpreted in the context of propagation 
models. The cosmic ray particles, at least up to about 
106 GeV, are considered of galactic origin and shock 
waves of expanding supernovae remnants are good 
candidates to supply the power for their acceleration. 
The accelerated particles are injected into the 
interstellar space where are coupled to the galactic 
magnetic field and are diffused, both in momentum 
and space, due to interactions with random galactic 
magnetic fields. Particles are affected by 
reacceleration, energy losses, nuclear interactions and 
convective transport during the propagation in the 
galactic medium. New particles and spallation 
products are obtained by interaction of cosmic rays 
particles with the interstellar matter. In this context, 
protons and helium, as well as carbon, oxygen, iron 
and other heavier nuclei produced and accelerated at 
the astrophysical sources are considered as “primary” 
cosmic rays. Particles produced in the interaction of 
the primaries with the interstellar medium or from the 
decay of unstable species, are denoted as secondary 
cosmic rays. The understanding of the origin, 
acceleration and propagation of cosmic rays in the 
Galaxy require the combination of different 
measurements over a wide range of energy, including 
chemical composition, anisotropy, and solar 
modulation. 
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Cosmic ray composition and spectra have been 
explored by direct measurements (balloon borne and 
satellite experiments) up to 105 GeV and by indirect 
methods (ground-based large-size apparatuses) at the 
highest energies [2]. Considering the energy range 
between few GeV/n and hundreds of TeV/n, and 
mainly due to statistical limitations, the current 
accuracy on the measurements does not allow 
confirming or disproving a common spectral index of 
the primary cosmic ray nuclei. Measurements of 
secondary over primary cosmic ray are also affected 
by backgrounds and uncertainties that limit the 
precision on the determination of key parameters 
needed in cosmic ray propagation models.  
Electrons (and positrons) constitute about 1% of the 
total cosmic-ray flux. Positrons are believed to have a 
secondary origin, product of the interaction of primary 
protons with the interstellar medium. The products of 
these interactions include charged pions and kaons 
which eventually decay producing equal number of 
positrons and electrons with a soft spectrum. Within 
this assumption, the positron fraction, defined as the 
number o positrons over the total number of electrons 
and positrons, is expected to decrease with the energy. 
Since the very beginning of measurements of the 
positron fraction, it became apparent a rise with the 
energy above a few tens of GeV [3]-[16]. This 
tendency has been confirmed with measurements 
which extend the energy range up to 100 GeV [17].  
This behavior suggests either the existence of a new 
source of positrons, or a depletion of primary 
electrons. Over the past two decades, there has been 
strong interest in the cosmic ray positron fraction in 
both particle physics and astrophysics [18]-[27]. There 
are a number of models that provide primary sources 
for electrons and positrons in the cosmic rays. In 
particular, astrophysical sources (Pulsars, SNRs) and 
WIMPs annihilation in the galactic halo have been 
extensively proposed but the limited knowledge of the 
cosmic ray production mechanisms and the 
uncertainties in the parameters governing its 
propagation makes hard to get to a clear conclusion. 
Understanding the nature of the electron and 
positron cosmic rays has become a priority subject in 
the field. New experiments collecting high statistics 
over a large dynamical range with good energy 
resolution and a high background rejection capability 
are required. Robust results can only be obtained by 
experiments operating outside the atmosphere and 
capable to measure simultaneously not only electrons 
and positrons but also the experimental channels 
required to understand and quantify the cosmic ray 
background modeling.  In June 2006 the first of these 
satellite, PAMELA, was launched in orbit by a Soyuz-
U rocket from the Baykonur cosmodrome in 
Kazakhstan, followed in June 2008 by Fermi on 
satellite and, in May 2011, by AMS-02 on the 
International Space Station 
2. Space based cosmic ray experiments 
2.1. PAMELA detector 
The PAMELA experiment is performed from an 
international collaboration including institutes and 
universities from Italy, Russia, Germany and Sweden. 
 
Fig. 1. Schematic view of PAMELA (left), Fermi-LAT (center) and AMS-02 (right) detectors. 
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 The core of the instrument (Fig. 1) is a permanent 
magnetic spectrometer with a silicon microstrip tracker 
that provides the rigidity, the sign and the charge of 
the particles. The MDR (Maximum Detectable 
Rigidity) is of the order of 1.2 TeV. The separation 
between hadronic and leptonic components is made by 
an imaging silicon-tungsten calorimeter, 16 radiation 
length deep, able to measure electron energy up to 300 
GeV with a resolution of a few percent. A neutron 
counter and a thick scintillator, both placed above the 
calorimeter improve the lepton/hadron discrimination. 
The apparatus has a size of is 1.3m x 0.7m x 0.7m and 
a geometrical acceptance of 21.5 cm2 sr. More 
technical details can be found in [28]. PAMELA is 
mounted on the upward-facing side of the Resurs-DK1 
Russian satellite.  PAMELA has been put in a polar 
elliptical orbit at an altitude between 350 and 610 km, 
with an inclination of 70°. 
Even if PAMELA was originally projected to have 
a three-year mission, the detector is still operational 
and making significant scientific contributions after 
more than eight years. In 2009 the PAMELA 
collaboration published the measurement of the 
positron fraction up to 100 GeV [17]. A clear increase 
of the positron fraction above 10 GeV appears in the 
data (Fig. 2) confirming the indication present at lower 
energy in previous experiments. PAMELA has 
provided also the measurements of separated  positron 
and electron fluxes up to 200 GeV and 625 GeV 
respectively [29], [30]. 
2.2. Fermi-LAT detector 
The Large Area Telescope (LAT) is the principal 
scientific instrument on the Fermi Gamma Ray Space 
Telescope spacecraft. The LAT scientific collaboration 
includes more than 90 universities and laboratories 
from 12 countries. The Fermi LAT is a gamma-ray 
telescope (a pair-conversion telescope) covering a 
measured energy range from 20 MeV to  300 GeV 
with a field of view of about 20% of the sky. The 
instrument is a 4 × 4 array of identical towers, each 
one consisting of a tracker and a segmented 
calorimeter (8.6 radiation lengths) (Fig.1). The tracker 
is covered with an anti-coincidence detector to reject 
the charged-particle background. Further details on the 
LAT, its performance, and calibration are given at 
[31].The LAT is 0.72 m deep and 1.8 m square. Fermi 
was launched on 11 June 2008 from Cape Canaveral 
onboard a Delta rocket. Fermi resides in a low-earth 
circular orbit at an altitude of 550 km, and at an 
inclination of 28.5 degrees. The duration of the 
mission has been extended till 2018.  
Although Fermi´s main scientific goal is gamma ray 
astronomy, LAT is a good instrument for electron 
detection and it has been used to measure the 
combined electron and positron spectrum from 7 GeV 
to 1 TeV [32]. Although LAT is not equipped with a 
magnet, the collaboration has use the shadow imposed 
by the Earth and its offset direction for electrons and 
positrons due to the geomagnetic field, to separately 
measure the spectra of cosmic ray electrons and 
positrons from 20 GeV to 200 GeV [33] (Fig. 2). 
2.3. AMS-02 detector 
Alpha Magnetic Spectrometer (AMS-02) is a 
general purpose high energy particle detector that has 
been was installed on the International Space Station 
on May 19, 2011 as part of station Utilization and 
Logistics Flight ULF6 on shuttle flight STS-134. It 
was transferred from the shuttle cargo bay using the 
shuttle's robotic arm and handed off to the station's 
robotic arm for installation. AMS-02 is mounted on 
top of the Integrated Truss Structure, on USS-02, the 
zenith side of the S3-element of the truss. AMS is an 
international collaboration of about 500 scientists from 
 
Fig. 2. The positron fraction (top) and electron and positron fluxes 
(bottom)  measured by PAMELA and FERM-LAT compared with 
previous results. 
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56 Institutes of USA, Asia and Europe. The layout of 
the detector is shown in Fig. 1. It consists of 9 planes 
of precision silicon tracker; a transition radiation 
detector, TRD; four planes of time of flight counters, 
TOF; a permanent magnet; an array of anti-
coincidence counters, ACC, surrounding tracker layers 
2 to 8, the inner tracker; a ring imaging Cerenkov 
detector, RICH; and an electromagnetic calorimeter, 
ECAL. The maximum detectable rigidity over tracker 
planes 1–9 is ׽2TV. The apparatus has a size of is 5m 
x 4m x 3m and a geometrical acceptance is 0.5 m2 sr. 
Detector performance, described in detail in [34] is 
steady over time. 
In April 2013, the first AMS result was published in 
Physical Review Letters [35]. The measurement was 
based on data from the first 18 months of AMS 
operations. Of the 25 billion cosmic ray events 
analyzed, a number of 6.4 million were 
unambiguously identified as electrons and 400,000 as 
positrons. The precision measurement of the positron 
fraction in primary cosmic rays, in the energy range 
from 0.5 to 350 GeV was reported. The data (Fig. 3) 
show that the fraction steadily increases from 10 to 
~250 GeV, but, from 20 to 250 GeV, the slope 
decreases by an order of magnitude. The positron 
fraction exhibits no fine structure, time dependence 
nor observable anisotropy indicating the energetic 
positrons are not coming from a preferred direction in 
space.  
AMS has continued collecting data at a rate of 16 
million of events per year. New results, based on the 
analysis of data collected during the first 30 months of 
operation on the International Space Station have been 
reported during this conference [36] and are discussed 
in the coming section. 
3. Lepton cosmic rays: new results from AMS 
Three main detectors provide a clean and redundant 
identification of positrons and electrons with 
independent suppression of the proton background in 
AMS [35]. These are the TRD (above the magnet), the 
ECAL (below the magnet) and the tracker. To 
differentiate between electrons and protons in the 
TRD, signals from the 20 layers of proportional tubes 
are combined in a TRD estimator formed from the 
ratio of the log-likelihood probability of the electrons 
hypothesis to that of the proton hypothesis in each 
layer. The proton rejection power of the TRD 
estimator at 90% electron efficiency measured on orbit 
is 103 to 104. To cleanly identify electrons and 
positrons in the ECAL, an estimator, based on a 
boosted decision tree algorithm, is constructed using 
the 3D shower shape in the ECAL. The proton 
rejection power of the ECAL estimator reaches 104 
when combined with the energy-momentum matching 
requirement E/p > 0.75. The entire detector has been 
extensively calibrated in a test beam at CERN with 
positrons and electrons from 10 to 290 GeV/c, with 
protons at 180 and 400 GeV/c, and with pions from 10 
to 180 GeV/c which produce transition radiation 
equivalent to protons up to 1.2 TeV/c. In total, 
measurements with 18 different energies and particles 
at 2000 positions were performed. 
To assure long-term stability of the detector 
response, the variations of the environmental 
conditions along the orbits have been taken into 
account. On-board calibrations of all channels are 
performed every half-orbit (׽46 min) and off-line 
calibrations of the TRD, TOF, tracker and ECAL are 
performed every ¼ of the orbit. Different corrections, 
including the variations of the relative alignment of the 
detectors and temperature dependence of the magnetic 
field, are determined from specific samples of events 
(mainly protons) and applied to the data.  
The energy scale is verified by using minimum 
ionizing particles and the ratio E/p and compared with 
test beam values were the beam energy is known to 
high precision. The response of the detector has been 
studied with a Monte Carlo sample of events based on 
a GEANT-4.9.4 simulation of the detector.  
Over 41 billion events have been analysed and the 
kinematic variables have been reconstructed with 
algorithms that have been optimized using the test 
beam data. The basic sample of events for lepton 
analysis has been selected requiring a track in the TRD 
and the Silicon Tracker, a cluster of hits in the ECAL 
and a measured velocity β ~ 1 in the TOF consistent 
with a downward-going Z=1 particle. 
 
Fig. 3. The AMS measure positron fraction compared with the most 
recent measurements from other experiments. The error bars for 
AMS are the quadratic sum of the statistical and systematic 
uncertainties. 
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 3.1. Positron fraction 
Protons are the main potential source of 
contamination and more than 99% of them are rejected 
with an energy dependent cut on the ECAL estimator. 
An additional potential contamination comes from 
electrons and positrons produced by the interaction of 
cosmic rays with the atmosphere. They are removed 
requiring that the measured energy in the ECAL 
exceeds by a factor of 1.2 the maximum Størmer cut-
off at each geomagnetic position of the detector. 
The resulting acceptance for electrons and positrons 
is identical and nearly constant over the range from 3 
to 500 GeV and cancels in the measurement of the 
positron fraction. 
The positron fraction is determined in ECAL 
energy bins. To maximize the sensitivity of the 
measurement, a 2-dimensional fit to the positron 
fraction was performed in each energy bin in the 
(TRD-estimator, log(E/p)) plane. The fit is performed 
for positive and negative rigidity data samples 
yielding, respectively, the numbers of positrons and 
electrons. From the bin-by-bin fits, the sample 
contains 10.9 × 106 primary positrons and electrons of 
which 0.64 × 106 are identified as positrons [37]. 
The behaviour of the positron fraction is shown in 
Fig. 4. The new AMS data provides a significant 
increase of statistics and extends the energy range to 
500 GeV.  Above ׽200 GeV the positron fraction is 
no longer increasing with energy and reaches a 
maximum at 275 ± 32 GeV. This is the first 
experimental evidence of the existence of a new 
behaviour of the positron fraction at high energy. 
The overall behaviour of the positron fraction with 
the energy can be described fitting the observations 
with a simple minimal model that contains a diffuse 
power law spectrum and a common source term with 
an exponential cut-off parameter ES: 
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with E in GeV and where the coefficients Ce+ and 
Ce- correspond to the relative weights of the diffuse 
spectra for positrons and electrons, CS to the weight of 
the source spectrum, e+, e- and S are the 
corresponding spectral indices and Es is the 
characteristic cut-off energy for the source spectrum. 
A fit of this model to the data in the energy range from 
1 to 500 GeV yields a (χ2 / dof = 36.4/58) a cut-off 
parameter of  1/ES = 1.84 ± 0.58 TeV-1 with Ce+/Ce− = 
0.091 ±  0.001,  Cs/Ce= 0.0061 ±  0.0009, γe− − γe+ = 
−0.56 ±  0.03 and γe− − γs =0.72 ±  0.04. The resulting 
fit is shown in Fig. 5 as a solid curve together with the 
68% C.L. range of the fit parameters. No fine 
structures are observed in the data. 
Primary sources of cosmic ray positrons and 
electrons may induce some degree of anisotropy on the 
observed ratio of positron to the electron fluxes.  To 
search for possible anisotropies, the arrival directions 
of electrons and positrons are used to build a sky map 
in galactic coordinates (b,l) and the observed positron 
fraction is described by a spherical harmonic 
expansion 
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where ሺǡሻ denotes the positron ratio at (b,l), ۃۄ is 
the average ratio over the sky map, ௟ܻ௠ the real 
spherical harmonics and ܽ௟௠ are the corresponding  
coefficients. The angular power spectrum for a given l 
is defined as 
 
 
Fig. 5. The positron fraction measured by AMS and the fit with a 
minimal model (solid curve, see text) and the 68% C.L. range of the 
fit parameters (shaded). 
 
Fig. 4. . Measurement of the positron fraction above 10 GeV from 
AMS.  Most recent results from PAMELA (the horizontal blue line 
is their lower limit) and Fermi-LAT are also shown 
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They are found to be consistent with the 
expectations for isotropy at all energies, and upper 
limits to multipolar contributions are obtained. In 
particular, with a 95% confidence level we set an 
upper limit for a dipole anisotropy of  
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3.2. Electron and Positron fluxes  
 The isotropic fluxes of cosmic-ray electrons and 
positrons in the energy bin E of width ȟ  are given by  
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where ୣേሺሻis the number of electrons or 
positrons, ɂ୲୰୧୥ሺሻ the trigger efficiency determined 
from Monte Carlo simulations (100% above 3 GeV 
decreasing to 75% at 1 GeV),  ܶሺሻ the exposure time 
determined by counting the live time weighted number 
of seconds at each location where the geomagnetic cut-
off requirement is satisfied and ୣ୤୤ሺሻ is the effective 
acceptance detrmined from Monte Carlo and defined 
as 
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with ୥ୣ୭୫is the geometric acceptance (=550 cm
2 
sr for this analysis), ɂୱୣ୪ and ɂ୧ୢ the selection and 
identification efficiencies for electrons and positrons 
and Ɂ a small correction to account for the effect of the 
cuts on the kinematical variables. The sample of 
electrons and positrons has been selected applying cuts 
on the E/p matching and the maximum depth of the 
reconstructed shower to reduce the proton background.   
After applying further cuts on the ECAL and the 
TRD,  a total of  9.23 × 106 events have been identified 
as electrons and 0.58 × 106 as positrons [38]. The 
analysis has been repeated 30 times by different 
groups with different selection and identification cut 
values and the results of the analysis were found to be 
consistent. Furthermore, the time dependence of the 
counting rates has been studied showing a good 
stability for energies above 10 GeV and consistency 
with solar modulation effects at lower energies. The 
measured electron and positron flux, scaled by E3 is 
shown in Fig. 6, together with the most recent 
measurements for comparison. The measurements 
cover the energy ranges of 0.5 to 700 GeV for 
electrons and 0.5 to 500 GeV for positrons. Between 
20 GeV and 200 GeV, where the effects of solar 
modulation are insignificant within the current 
experimental accuracy, the electron flux decreases 
more rapidly with energy than the positron flux in a 
manner that is not consistent with only the secondary 
production of positrons; that is, the differing behavior 
of the spectral indices versus energy indicates that 
high-energy positrons have a different origin from that 
of electrons. 
3.3. Flux of electrons and positrons 
The main experimental advantage of analyzing all 
electrons together (as opposed to the positron fraction 
or individual positron and electron fluxes) is that there 
is no requirement on charge identification and, 
therefore, it is possible to extend the measurement to 
higher energies within limited systematic errors. 
Following similar analysis procedures as those 
described in the previous sections, a sample of 10.5 
million events have been identified as electrons or 
positrons in the energy range from 0.5 to 1000 GeV.  
  
 
Fig. 6. The AMS electron (top) and positron (bottom) fluxes, 
multiplied by E3. Statistical and systematic uncertainties of the AMS 
results have been added in quadrature. Previous measurements from 
other experiments are also shown for comparison. 
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 The measured flux multiplied by E3 is shown in 
Fig. 7 as a function of the reconstructed energy at the 
top of the AMS detector. Previous measurements from 
balloon, space and ground based experiments are also 
reported in the figure for comparison. No evidence has 
been found of prominent features in the measured 
spectrum and this result, together with the accurate 
measurement of the positron fraction [37], clearly 
indicates the need for an additional source of electrons 
and positrons whose contribution to the flux is 
particularly relevant in the high energy part of the 
spectrum.   
4. Summary remarks 
For the last decades, cosmic ray composition and 
spectra have been measured with low statistics and 
severe background limitations. With the operation of 
long term space based experiments, as PAMELA, 
Fermi-LAT and AMS, a new set of high precision 
measurements is available to deeper understand this 
field as well as to search for new physics and 
astrophysics  phenomena. 
After 40 months of operations in space, AMS has 
collected 54 billion cosmic ray events. To date 41 
billion have been analyzed. Over the lifetime of the 
space station, AMS is expected to measure hundreds 
of billions of primary cosmic rays. Among the physics 
objectives of AMS is the search for antimatter, dark 
matter, and the origin of cosmic rays.  
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